Abstract Study purpose was to revise and examine the validity of the Medication Adherence Self-Efficacy Scale (MASES) in an independent sample of 168 hypertensive African Americans: mean age 54 years (SD = 12.36); 86% female; 76% high school education or greater. Participants provided demographic information; completed the MA-SES, self-report and electronic measures of medication adherence at baseline and three months. Confirmatory (CFA), exploratory (EFA) factor analyses, and classical test theory (CTT) analyses suggested that MASES is unidimensional and internally reliable. Item response theory (IRT) analyses led to a revised 13-item version of the scale: MASES-R. EFA, CTT, and IRT results provide a foundation of support for MASES-R reliability and validity for African Americans with hypertension. Research examining MASES-R psychometric properties in other ethnic groups will improve generalizability of findings and utility of the scale across groups. The MASES-R is brief, quick to administer, and can capture useful data on adherence selfefficacy.
Introduction
Hypertension (HTN) affects over 65 million individuals in the United States and remains one of the major chronic diseases contributing to the racial mortality gap between African Americans and whites (American Heart Association 2006). Compared to whites, African Americans have a higher prevalence of HTN, with approximately 40% compared to 28% in whites (Centers for Disease Control Prevention 2005) . However, HTN is controlled in only 30% of African Americans compared to 35% of whites (Hertz et al. 2005) . Poor medication adherence is a major contributing factor to poor blood pressure (BP) control with an estimated 50-70% of hypertensive patients reporting poor adherence rates (World Health Organization. 2003) . African Americans have poorer rates of medication adherence compared to whites and this may account for the disproportionately higher rates of hypertension-related outcomes in this patient population (Bosworth et al. 2006; Burt et al. 1995; Kirscht and Rosenstock 1977; Monane et al. 1996) . Several behavioral models have been proposed to explain adherence behavior, but the one that has received the most attention in the literature is the social cognitive model (Bandura 1977a (Bandura , 1977b . One component of this model that has been shown to predict initiation and maintenance of recommended health behaviors is Bandura's construct of self-efficacy (Bandura 1977a (Bandura , 1977b Strecher et al. 1986 ).
Self-efficacy refers to an individual's judgment of his or her confidence to carry out a specific task in order to produce a desired outcome (Bandura 1977a (Bandura , 1977b . The stronger one's self-efficacy beliefs, the more likely a person will initiate and maintain recommended health behaviors (Bandura 1977a (Bandura , 1977b . In patients with chronic diseases, positive self-efficacy appraisals have been found to consistently predict the adoption of, and adherence to a variety of health-related behaviors including dietary recommendations, exercise regimens, self-management behaviors, and adherence to antiretroviral therapies (Allegrante and Marks 2003; Catz et al. 2000; Gifford et al. 2000; Johnson et al. 2006; Lorig et al. 1989; Nakahara et al. 2006; Strecher et al. 1986 ). Nakahara and colleagues used structural equation modeling to examine the relationship between psychosocial factors and glycemic control in a sample of 256 Japanese patients with Type 2 diabetes. Their analysis found that self-efficacy predicted adherence, and adherence in turn predicted future levels of glycemic control. Self-efficacy also served as a mediator for the relationship between psychosocial variables (e.g. social support, emotion focused coping) and glycemic control (Nakahara et al. 2006) . In a study of mediational role of adherence self-efficacy on the relationship between positive provider interactions and medication adherence, analyses of self-report data for 2765 HIV infected patients on antiretroviral therapy found that adherence self-efficacy was indeed a significant mediator. Further, this pattern remained in stratified analyses based on race, gender, injection drug use history, and specialty care for HIV . Similarly, a recent examination of 174 patients with chronic kidney disease found that higher perceived self-efficacy was associated with greater medication adherence behaviors and self-management behaviors in general, while controlling for confounding demographic variables and health characteristics (Curtain et al. 2008) .
However, despite evidence documenting the importance of self-efficacy in influencing health behaviors in patients with chronic diseases, little is known about its role in hypertensive African Americans. To address this issue, we developed and evaluated the reliability of a Medication Adherence Self-Efficacy Scale (MASES) in hypertensive African American patients (Ogedegbe et al. 2003) . The MASES is a patient derived, self-report measure designed to assess efficacy beliefs regarding adherence to prescribed anti-hypertensive medications. Preliminary support for the internal consistency and test-retest reliability of the MA-SES was demonstrated in a sample of 72 hypertensive African Americans (Ogedegbe et al. 2003) .
In this study, we conducted further psychometric evaluation and revision of the MASES in a larger independent sample of hypertensive African Americans. This study had five objectives: (1) assessment of the unidimensionality of the MASES; (2) evaluation of internal consistency using classical test theory (CTT) and estimates of item parameters and item information functions using item response theory (IRT); (3) scale refinement; (4) CTT and IRT evaluation of the items on the revised scale; (5) assessment of its criterion validity (predictive and concurrent) with self-report and electronic measures of medication adherence.
Methods

Study design and participants
Data for this study were collected as part of a larger trial designed to evaluate the effects of a behavioral intervention on medication adherence in a group of hypertensive African Americans followed in a communitybased primary care practice. Detailed information on the study design and methods of the larger study are outlined elsewhere ). Eligible patients were identified via electronic medical records (EMR) using the following criteria: hypertension diagnosis; self-identification as black or African American; age 18 years or older; fluency in English; and taking at least one antihypertensive medication. All patients were approached during their regular clinic visits and asked to participate in the study. They were required to sign informed consent for participation in the trial, which was approved by the institutional ethics review board of Columbia University Medical Center.
Data collection
Upon enrollment into the trial, trained research assistants conducted baseline assessments on all patients. All baseline and three month data were collected prior to randomization and delivery of the behavioral intervention, as an effective behavioral intervention focusing on adherence would have confounded responses to questions regarding self-efficacy for adherence. Study participants completed the MASES questionnaire and a self-report measure of medication adherence at baseline and 3 months. In addition, they were given an electronic pill bottle cap fitted on a pill bottle in order to monitor their adherence to prescribed antihypertensive medications for the study duration. Patients were taught to use the electronic pill bottles and asked to put their antihypertensive medications in them. Additional data collected included demographics; insurance status; socioeconomic status.
Measures
Self Efficacy was assessed with the MASES (Ogedegbe et al. 2003) . This is a 26-item scale that is used to assess patients' confidence in their ability to take their antihypertensive medications in a variety of situations. Some examples of situations include ''when busy at home,'' ''while at work,'' ''when they cause some side effects.'' Items are scored from 1 (not at all sure) to 4 (extremely sure) and a total score on the measure is computed by averaging across responses to all items. Higher scores indicate a greater level of self-efficacy. Cronbach's alpha for the measure was 0.95.
Self-report medication adherence was assessed with the well-validated four-item scale developed by Morisky et al. in a primarily African American sample of 400 hypertensive patients with uncontrolled blood pressure (Morisky et al. 1986 ). It asks patients to respond ''yes'' or ''no'' to the following questions: ''Do you ever forget to take your medicine?'' ''Are you careless at times about taking your medicine?'' When you feel better do you sometimes stop taking your medicine?'' and ''Sometimes if you feel worse when you take the medicine, do you stop taking it?'' Respondents were categorized into a dichotomous ''adherent'' category if they responded ''no'' to all items, and into the ''non-adherent'' category if they responded ''yes'' to one or more items.
Electronic measure of medication adherence was assessed with the Medication Event Monitoring System (MEMS; Aprex, a division of Aardex Corporation, Union City, CA). This consists of a pill bottle and an electronic cap which utilizes microchip technology to record each time that the pill bottle is opened and closed. Data are downloaded to a computer directly from the cap using Powerview software (Aprex, a division of Aardex Corporation, Union City, CA; www.aardexgroup.com). Medication adherence was defined as the ratio of number of doses taken to number prescribed for the study duration. MEMS caps have been used in multiple studies, and evidence of the validity of the system comes through findings of good to high concordance with self-report measures, pill counts, and nurse reports of medication adherence in multiple samples (Choo et al. 1999; Hugen et al. 2002; Liu et al. 2001 ). The MEMS is currently considered the gold standard for adherence measurement (Choo et al. 1999; Hugen et al. 2002; Liu et al. 2001 ).
Analytic overview
We first evaluated the unidimensionality of the MASES using both confirmatory (CFA) and exploratory factor (EFA) models. The MASES was hypothesized to have a single factor structure. Thus, the model outlined for the CFA analysis included 25 MASES items that were administered as observed variables, which load on a single latent variable of ''Medication Adherence Self-Efficacy''. Goodness-of-fit statistics were calculated as part of the CFA, and as is conventional, several of these were used to evaluate model fit, including the chi-square statistic, Comparative Fit Index (CFI), Tucker Lewis Index (TLI), and the Root Mean Square Error of Approximation (RMSEA) (Bollen 1989; Cudeck and Browne 1992; Hu and Bentler 1999) . A well-fitting model is suggested by a chi-square with a p-value [0.05 (Bollen 1989); CFI or TLI values [0.90 (Hu and Bentler 1999) ; and an RMSEA values \0.05 (Cudeck and Browne 1992; Hu and Bentler 1999) . Structural equation modeling (SEM) software was used to evaluate the one-factor CFA model.
The EFA analyses included oblique rotation, and produced eigenvalues, item factor loadings, and significance of factor loadings in order to evaluate the unidimensionality of the measure. An eigenvalue of greater than 1.0 indicates a factor that explains a moderate amount of variance; a minimum acceptable factor loading is defined as .32 or higher, with .50 and above indicating strong loading; and p-value of \0.05 indicates a significant factor loading for an item (Tabachnik and Fidell 2001) . In order to produce a stable factor structure, guidelines suggest that a minimum subject-to-item ratio of between 5:1 (Gorsuch 1983) and 10:1 (Nunnally 1978) , and minimum sample sizes of 100-200 (Guadagnoli and Velicer 1988) are utilized in EFA analysis. We hypothesized that a valid measure would have similarity in factor structure over time, and utilized the MASES data from baseline and 3-months in order to test this hypothesis.
We then evaluated the corrected item total correlations, item means and coefficient alpha in a classical test theory (CTT) analysis and finally, we estimated the 2 parameter item characteristic curves and item information functions using Samejima's graded response model (Samejima 1969) . The assumption of unidimensionality is critical for both CTT and item response theory (IRT) based scale evaluations. Based on these analyses we revised and shortened the MASES by removing items that were found to provide little information about a patients' adherence self-efficacy. We examined items at both baseline and 3-month time points, and allowed retention of items that performed well in at least one time point. As this study provides an initial examination of item characteristic curves for MASES, an approach such as this allows for future replication of these analyses in independent samples and further evidence-based scale refinement.
Predictive and concurrent validity of the revised MA-SES (MASES-R) was subsequently evaluated in three ways: (1) differences in mean MASES-R scores among self-reported adherent and non-adherent groups at baseline, (2) correlation between 3-month MASES-R and 3-month MEMS, (3) correlation between baseline MASES-R scores and 3-month MEMS.
As there were complete data for the MASES in this sample, no imputation methods were utilized. The Statistical Package for the Social Sciences (SPSS) version 13.0 was used for CTT and EFA analyses (SPSS 2004), M-plus was used for the CFA analysis, and the IRT analyses were conducted with MULTILOG (Thissen 2003) .
Results
Patient characteristics
Characteristics of study participants are shown in Table 1 for the 168 participants that provided complete baseline and 3 month data. Their average age was 54 years (SD = 12.36) with 86% female. More than two-thirds had either high school or college education.
CFA and EFA analyses
Results of the CFA indicated that the observed correlations among the items were not well-described by a one-factor (unidimensional) model, v 2 275, N = 190 = 942.27, p \ .01; CFI = .72; TLI = .69; RMSEA = .11 (90% CI = .10, .12). Subsequently, model modification indices were examined to determine whether changes to the model would improve fit. The analysis did not reveal any meaningful changes, therefore, EFA was used to further examine factor structure of the MASES. The principal components EFA analysis revealed five factors with eigenvalues[1.0 at both baseline and 3 months. At baseline, 19 items loaded on the first factor, which had the highest eigenvalue and explained the most variance (37.93%). There was a considerable drop in eigenvalue from the first factor with a value of 9.48 to 1.83 for the second factor. The percent variance explained by the first factor as well as the large drop in eigenvalues from first to second factor and beyond meets established criteria for the ''essential'' unidimensionality of the scale (Lord 1980) . A similar pattern was noted for the 3-month data. These results supported the essential unidimensionality of the MASES and justified proceeding with both CTT and IRT analyses. See Table 2 for eigenvalues and percent variance explained and Table 3 for individual item factor loadings.
CTT evaluation
Mean scores on individual MASES items are shown in Table 4 . Total MASES score for this sample was 3.50 (SD = .46) at baseline and 3.57 (SD = .46) at 3 months. Reliability of the MASES was assessed through evaluation of internal consistency at baseline and 3 months, and its stability over the same time period. Cronbach's alpha for the measure was .91 at both time points, p \ .05, suggesting that the MASES is an internally reliable measure. The test-retest coefficient of 0.56 between baseline and 3 months, p \ .05, indicated that there was some instability across a three month period. This instability may be temporally attributed, as test-retest analyses are usually conducted on data collected within a two-week window. See Table 4 for results of additional item level analysis, including item-to-total correlations.
IRT evaluation
Item information curves were examined for all items at baseline and 3 months. Examination of the curves allowed for elimination of items that provided little information about the underlying construct of adherence self-efficacy (i.e. those items that did not perform well at either time point). An item was retained if item information curves suggested that it performed well at one time point, or both time points. Ten items performed well at both time points, while 3 performed well at one time point. This process resulted in retention of 13 items that make up the shortened revised version of the scale, the MASES-R. See Table 3 for item content.
MASES-R CTT and IRT evaluation
The psychometric properties of the shortened revised MA-SES-R were then examined using previous CTT and IRT methods. Mean total score on the MASES-R was 3.62 (SD = .48) at baseline and 3.72 (SD = .44) at 3 months. Cronbach's alpha coefficients were .92 and .90 at baseline and 3 months respectively. Test-retest coefficient for MA-SES-R was 0.51, p \ .001. Results of EFA on the MASES-R were similar to the results of EFA for the 25-item MASES. At baseline, a single factor emerged from the analysis that explained 53.20% of variance and had an eigenvalue of 6.92. All 13 items loaded significantly on this factor with factor loadings of .62 or greater. At 3 months, the solution was similar. Factor 1 explained 49.87% of variance, and had an eigenvalue of 6.48. In contrast, Factor 2 explained 12% of variance and had a much smaller eigenvalue of 1.66. All 13 items loaded highest and significantly on Factor 1, with values of at least .52. These results support the unidimensionality of the MASES-R. Item information curves were examined for the 13 items retained and scale information curve was examined for the total 13-item scale. All items and the total scale performed well at both baseline and 3-month time points. Consistent with the individual item information curves, the scale information curves were most informative about adherence self-efficacy in the moderately low to the middle ranges of the construct. See Figs. 1 and 2 for MASES-R scale information curves at both time points. Of note, a similar pattern was found when examining the item information curves and scale information curves of the 25-item measure (see Figs. 3 and 4) . 
Concurrent and predictive validity of MASES-R
The scores of MASES-R were examined in relation to selfreport adherence and MEMS. We hypothesized that the MASES-R scores would correlate positively with both measures of medication adherence. As expected, at baseline MASES-R scores were higher for patients whose selfreport categorized them as adherent (M = 3.81, SD = .33) compared to those that were categorized as non-adherent (M = 3.51, SD = .52; t = -4.26, p \ .001). These data provide preliminary support for the concurrent validity of the MASES-R. Additional support for the scale's concur- 
Discussion
The evaluation and revision of the Medication Adherence Self Efficacy Scale was described in this paper. The shortened scale, titled the MASES-R, consists of 13 items that assess an individual's judgment of their ability to adhere to prescribed anti-hypertensive medications under a variety of challenging situations. Twelve of the items ask about confidence in specific situations (e.g. busy at home, no symptoms, traveling), and one item asks about confidence in ability to make medication adherence a part of daily routine. There are no subscales on the measure, but rather the total scale score ranges from 1 to 4 and is the average score of all 13 items. The original MASES was developed with a sample of 72 African American hypertensive participants with similar demographic characteristics as the current sample (Ogedegbe et al. 2003) . Like the original MASES, the MASES-R demonstrates acceptable psychometric properties. This unidimensional scale has good internal consistency and reliability. In addition, the study provides initial evidence for the validity of the revised scale in this population, in this case concurrent and predictive validity. The MASES-R correlated positively and significantly with electronic medication adherence, and a similar pattern emerged with self-report data.
The content and relevance of items dropped from the scale can best be understood in the context of participant demographic characteristics. This sample of African American hypertensive patients included 54% unemployed, and 92% with some form of insurance (Medicaid, Medicare, HMO). The content of the items that were dropped included barriers related to work; cost of medications and ability to refill; perception of side effects and the chronic nature of hypertension. It is likely that in a sample with a high rate of unemployment (54%) items related to self-efficacy for adherence in work situations were less relevant. Additionally, as 92% of the sample reported that they had access to a form of health insurance (and perhaps medications), items related to cost and ability to refill medications may have been less salient. The performance of items related to chronic nature of condition, and perception of side effects may be not only due to gaps in knowledge of hypertension in this sample, but could also be explained by their perceptions of their illness (BoutinFoster et al. 2007; Ogedegbe et al. 2004; Ravenell et al. 2006) .
Of interest, the scale is most informative at distinguishing among those in the middle to lower middle of the scale. This is where both item information curves and scale information curves for the MASES-R provided the most information about adherence self-efficacy. This pattern of findings suggests that clinicians and researchers alike will be able to use the scale to distinguish between those with very low to moderately low self-efficacy. In turn; this information can be useful in the development and implementation of interventions targeting self-efficacy for improved medication adherence. While it is true that the results also suggest that the MASES-R did not distinguish well between those at the higher end of the self-efficacy continuum, this characteristic of the measure is of little practical significance as those with high to very high selfefficacy for adherence are least likely to need intervention.
As noted previously, major strengths of the MASES included use of patient input and feedback for item generation and refinement, and the MASES focuses on a condition-specific list of situations where self-efficacy may vary (Ogedegbe et al. 2003) . For example, when patient is asymptomatic, as may be the case in hypertension but may not be the case with other health conditions. Two strengths of the MASES-R deserve mention. First is the expansion of response options in the measure. In the original MASES, we used a 3-point response option compared to the 4-point used in the MASES-R. While our goal with this change was to provide greater variability and improve predictive power of the revised scale, we previously noted that patients had difficulty discriminating between five response choices in the development phase (Ogedegbe et al. 2003) . Thus, the new version of the scale includes four choices to indicate level of self efficacy, including: ''Not at all sure,'' ''A little sure,'' ''Fairly sure,'' and ''Extremely sure.'' Second, two forms of medication adherence data were used in this study for scale validation: self-report adherence and electronic monitoring, which is currently considered the 'gold-standard' of adherence assessment. Thus, a limitation that was previously noted in the introduction of the MA-SES has been addressed in this study. One limitation of the study is that the characteristics of this sample (86% women; 62% earning less than $20,000 per year; 77% with high school education or greater; 54% not employed), limits the ability to generalize findings to a broader population of African American hypertensive patients, as well as hypertensive samples of multiple ethnic groups. Future studies on the MASES-R should address this limitation through utilization of a more representative sample of hypertensive African Americans. Additionally, future studies would do well to collect MASES-R data in multiple ethnic groups, as is currently being done in a separate study of ours (Gerin et al. 2007) .
In summary, the data presented in this study provide initial data supporting the reliability and validity of the MASES-R, a shortened version of the MASES, for use in samples of hypertensive African Americans. Additional studies are necessary to further establish the psychometric properties of the measure, most notably construct validity. The MASES-R can provide useful data to both clinicians and researchers who are interested in understanding the role of self-efficacy in medication adherence among a subset of hypertensive African Americans. Ultimately, with appropriate replication and extension of psychometric analyses, it may prove to be a useful tool in research and clinical practice with a wider range of hypertensive adults.
